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-+;&/#4/! -+! ?%&%4-'(! I-'7-+! '7/! 0#&2/&! ?%&/! I-6'7! #)'/&! %+/! (/#&K! E+! #66-'-%+@! 7-27W
4'&/+2'7!4'/#.W;9&/6!;%+;&/'/4!I-'7!)0(!#47!6/.%+4'&#'/6!$/''/&!&/4-4'#+;/!#2#-+4'!'7/!
;%&&%4-%+!%)!4'//0!$#&4!/,/+!9+6/&!;%.$-+/6!;70%&-6/!#''#;=!#+6!L:g!&-4=K!1%&/%,/&@!
'7/!7#0)W;/00!?%'/+'-#0!./'7%6!;#+!/))/;'-,/0(!#44/44!'7/!;%&&%4-%+!;%+6-'-%+!%)!4'//0!$#&4!
I-'7-+! '7/! '7-;=! ;%+;&/'/! ;%,/&!%)!7-27W4'&/+2'7! 4'/#.!;9&/6!;%+;&/'/@! -+!I7-;7! '7/!
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"#$%&'(!) 

"#$%&'()$"&#!***********************************************************************!_ 

!"!#$%&%'()#*(+,-'./&0#""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""#_ 
!"1#23%(45+/'%0#2/66)%4%&3('7#8%4%&3939./:#;(3%'9():#<28;:=#

8.&+'%3%#"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""#D 

!">#8.4?9&%0#@(4(-%#.A#B2C#(&0#8D).'90%#B33(+,#9&#8.&+'%3%#""""""""""""#f 
_KDK_!P70%&-6/!?/+/'&#'-%+!-+!;%+;&/'/!!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!f 
_KDKB!P%+;&/'/!/0/./+'4!-+!1#&-+/!/+,-&%+./+'!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!f 
_KDKD!P70%&-6/W&/0#'/6!;%&&%4-%+!-+!&/-+)%&;/6!;%+;&/'/!49$J/;'-+2!'%!6/-;-+2!

4#0'4!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!d 
_KDKf!L0=#0-W4-0-;#!&/#;'-%+!OL:gQ!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!b 
_KDK`!P70%&-6/!-%+4!$-+6-+2!-+!;%+;&/'/!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!c 

!"E#8.''.:9.&#;.&93.'9&-#.A#23%%)#*(':#?7#F()A5+%))#G.3%&39()#;%3D.0#""#_B 

!"H#C%:%('+D#I?J%+39K%:#"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""#_B 

!"L#MD%:9:#23'/+3/'%#"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""#_f#
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)+,&%"'-! %-.".$/#)-! &0! .$-/12)(%-'! .)1.!
)&#)%-$-! "#!)&,'2%-3"&#!1/%"#-!-#4"%&#1-#$
!****************************************************************************************************!_d 

1"!#N&3'.0/+39.&#""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""#_d 

1"1#C%:%('+D#2+.6%#""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""#_d 

1">#;(3%'9():#(&0#OP6%'94%&3:#""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""#_b 
BKDK_!1-G!?&%?%&'-%+!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!_b 
BKDKB!:?/;-./+4!?&/?#&#'-%+!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!_c 
BKDKD!1/'7%6%0%2(!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!B_ 

1"E#8.46'%::9K%#23'%&-3D#.A#23%(45+/'%0#28;:#8.&+'%3%#""""""""""""""""""""#BD 
BKfK_!P%.?&/44-,/!4'&/+2'7!%)!+%&.#0W4'&/+2'7!:P14!;%+;&/'/4!KKKKKKKKKKKKKKKK!BD 
BKfKB!E+)09/+;/!%)!4'/#.!;9&-+2!%+!'7/!;%.?&/44-,/!4'&/+2'7!6/,/0%?./+'!%)!

+%&.#0W4'&/+2'7!:P14!;%+;&/'/!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!B` 
BKfKD!P%.?&/44-,/!4'&/+2'7!%)!7-27W4'&/+2'7!:P14!;%+;&/'/4!KKKKKKKKKKKKKKKKKKKK!Bc 
BKfKf!E+)09/+;/!%)!4'/#.!;9&-+2!%+!'7/!;%.?&/44-,/!4'&/+2'7!6/,/0%?./+'!%)!

7-27W4'&/+2'7!:P14!;%+;&/'/!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!Bj 
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BKfK`!E+)09/+;/!%)!I#'/&!$-+6/&!&#'-%!OViXQ!%+!'7/!;%.?&/44-,/!4'&/+2'7!
6/,/0%?-+2!%)!:P14!;%+;&/'/!-+!,#&-%94!;9&-+2!./'7%64!KKKKKKKKKKKKKKKKKK!DC 

1"H#;%'+/'7#N&3'/:9.&#G.'.:94%3'7#OP6%'94%&3#<;NG=#"""""""""""""""""""""""""""#DB 
BK`K_!1/&;9&(!-+'&94-%+!-+!+%&.#0W4'&/+2'7!:P14!;%+;&/'/!$/)%&/!4/#I#'/&!

/G?%49&/!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!DB 
BK`KB!1/&;9&(!-+'&94-%+!-+!+%&.#0W4'&/+2'7!:P14!;%+;&/'/!#)'/&!4/#I#'/&!

/G?%49&/!)%&!%+/!(/#&!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!fB 

1"L#8D).'90%#G%&%3'(39.&#9&#23%(45+/'%0#28;:#8.&+'%3%#"""""""""""""""""""""""#fj 
BKdK_!P70%&-6/!&/4-4'#+;/!%)!+%&.#0W4'&/+2'7!:P14!;%+;&/'/!/G?%4/6!'%!

4/#I#'/&!)%&!%+/!(/#&!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!fj 
BKdKB!*))/;'!%)!$-+6/&!'(?/4!#+6!;9&-+2!./'7%64!%+!;70%&-6/!?/+/'&#'-%+!-+!

+%&.#0W4'&/+2'7!4'/#.W;9&/6!:P1!;%+;&/'/!-+!.#&-+/!/+,-&%+./+'!K!̀ b 
BKdKD!P70%&-6/!?/+/'&#'-%+!-+!7-27W4'&/+2'7!:P14!;%+;&/'/!/G?%4/6!'%!

4/#I#'/&!)%&!%+/!(/#&!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!dB 

1"Q#2/44('7#""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""#d`#
 

"#$%&'(!+ 

)&%%&."&#!-4/,(/$"&#!&0!'&(5,-!,/6-%.!.$--,!
%-"#0&%)-1-#$.! -15-''-'! "#! +"3+2-/%,62
.$%-#3$+! .$-/12)(%-'! .)1.! )&#)%-$-! .,/5!
.(57-)$-'!$&!)+,&%"'-!8-#-$%/$"&#!**********************!dd 

>"!#N&3'.0/+39.&#""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""#dd 

>"1#C%:%('+D#2+.6%#""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""#dd 

>">#;(3%'9():#(&0#OP6%'94%&3:#""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""#db 
DKDK_!1-G!?&%?%&'-%+!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!db 
DKDKB!:?/;-./+4!?&/?#&#'-%+!#+6!;9&-+2!./'7%64!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!dc 
DKDKD!*0/;'&%;7/.-;#0!'/;7+-[9/!)%&!;%&&%4-%+!6-#2+%4-4!KKKKKKKKKKKKKKKKKKKKKKKKKKKK!b_ 

>"E#G'.6%'39%:#.A#F9-D5%(')75:3'%&-3D#23%(45+/'%0#28;:#8.&+'%3%#"""""""#bD 
DKfK_!P%.?&/44-,/!4'&/+2'7!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!bD 
DKfKB!5&//N-+2!#+6!'7#I-+2!'/4'!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!bD 

>"H#B++%)%'(3%0#OP6(&:9.&#M%:3#.A#8.&+'%3%#N&+.'6.'(39&-#B+39K%#B),()9#
B&0%:93%#"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""#bf 

>"L#8.''.:9.&#OK()/(39.&#K9(#O)%+3'.+D%49+()#M%+D&9R/%#""""""""""""""""""""""#bd 
DKdK_!P%&&%4-%+!6-#2+%4-4!%)!6%9$0/!0#(/&!&/$#&4!94-+2!7#0)W;/00!?%'/+'-#0!

./'7%6!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!bd 
DKdKB!:-G!;%.$-+#'-%+4!%)!7#0)W;/00!?%'/+'-#0!./#49&/./+'4!KKKKKKKKKKKKKKKKKKKKKKK!bj 
DKdKD!*))-;-/+'!;%&&%4-%+!6-#2+%4-4!'7&%927!AX!?%'/+'-#0!./#49&/./+'!KKKKKK!cC 
DKdKf!P%&&%4-%+!&/4-4'#+;/!%)!7-27W/#&0(W4'&/+2'7!4'/#.W;9&/6!:P14!

;%+;&/'/!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!c_ 



!
!
!

!
!
!

eEE!

>"Q#B66%('(&+%#.A#8.&+'%3%:#(&0#23%%)#*(':#(A3%'#S.&-53%'4#8D).'90%#
OP6.:/'%#OP6%'94%&3#"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""#cb 
DKbK_!:?/;-./+4!%)!<@!5X@!#+6!XX!;%+;&/'/!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!cb 
DKbKB!:?/;-./+4!%)!<L!#+6!5XL!;%+;&/'/!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!j_ 

>"T#8D).'90%#C%:9:3(&+%#.A#F9-D5%(')75:3'%&-3D#23%(45+/'%0#28;:#
8.&+'%3%#"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""#jf 
DKcK_!P70%&-6/!?/+/'&#'-%+!-+!7-27W/#&0(W4'&/+2'7!4'/#.W;9&/6!:P14!

;%+;&/'/!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!j` 
DKcKB!*))/;'!%)!)0(!#47!%+!4'//0!;%&&%4-%+!&/4-4'#+;/!%)!7-27W/#&0(W4'&/+2'7!

4/#.W;9&/6!;%+;&/'/!9+6/&!;%.$-+/6!6#.#2/!%)!L:g!#+6!;70%&-6/!
#''#;=!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!jc 

>"U#2/44('7#""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""#_CC#
 

"#$%&'(!, 

)&#),(."&#.!/#'!0($(%-!9&%:.!****************************!_C_ 

E"!#8.&+)/:9.&:#""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""#_C_ 

E"1#V/3/'%#W.',:#"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""#_CB#

 
g*5*g*^P*:!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!_CD!
LHH*^3ET!L!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!___!
LHH*^3ET!X!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!__`!
LHH*^3ET!P!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!_BB!
LHH*^3ET!3!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!_DC!
LHH*^3ET!*!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!_D`!
LHH*^3ET!5!KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK!_Db!
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F#$0/!_!! 1-G!?&%?%&'-%+4!%)!Bf!4/&-/4!#+6!`C!4/&-/4!

F#$0/!B! *G?/&-./+'4!#+6!4?/;-./+4!)%&!Bf!4/&-/4!#+6!`C!4/&-/4!

F#$0/!D! :9&)#;/!I#'/&!?/&./#$-0-'(!;%/))-;-/+'!%)!Bf!4/&-/4!;%+;&/'/!

F#$0/!f! P&-'-;#0!?%&/!4-N/!-+!Bf!4/&-/4!;%+;&/'/!

F#$0/!`! E+;&/#4/6i3/;&/#4/6! ?%&%4-'(! -+! '7&//! ?%&/! 4-N/! -+'/&,#04! #)'/&! %+/!
(/#&!4/#I#'/&!/G?%49&/!

F#$0/!d! L??#&/+'!;70%&-6/!6-))94-%+!;%/))-;-/+'!O3;Q!%)!Bf!4/&-/4!;%+;&/'/!

F#$0/!b! 3/?'7! %)! 7-27W;%+;/+'&#'-%+! ;70%&-6/! &/2-%+! #+6! %,/&#00! ;70%&-6/!
6-))94-%+!)&%+'!-+!*H1L!-.#2/4!%)!Bf!4/&-/4!;%+;&/'/!

F#$0/!c! 3;!&#'-%!%)!Bf:P1!4/&-/4!;%.?#&/6!'%!'7/!&/4?/;'-,/!^!4/&-/4!9+6/&!
'7&//!;9&-+2!./'7%64!#)'/&!%+/W(/#&!4/#I#'/&!/G?%49&/!!!

F#$0/!j! L??#&/+'!;70%&-6/!6-))94-%+!;%/))-;-/+'!O3;Q!%)!`C!4/&-/4!;%+;&/'/!

F#$0/!_C! 1-G!?&%?%&'-%+4!%)!7-27W/#&0(W4'&/+2'7!4'/#.W;9&/6!:P14!;%+;&/'/!

F#$0/!__! *G?/&-./+'4! #+6! 4?/;-./+4! )%&! 7-27W/#&0(W4'&/+2'7! 4'/#.W;9&/6!
:P14!;%+;&/'/!

F#$0/!_B! H&%?/&'-/4!%)!7-27W/#&0(W4'&/+2'7!4'/#.W;9&/6!:P1!;%+;&/'/!

F#$0/!_D! *4'-.#'/6!;%&&%4-%+!-+-'-#'-%+!OF-Q!,-#!'7/!7#0)W;/00!?%'/+'-#0!./'7%6!

F#$0/!_f! 39&#'-%+4!)%&!P%&&%4-%+!./'/&!./#49&/./+'!-+!/#;7!4/&-/4!!

F#$0/!_`! P%&&%4-%+! ;9&&/+'! OE;%&&Q! #+6! ;%+;&/'/! ;%,/&! &/4-4'-,-'(! Og/4Q!
./#49&/./+'4!,-#!P%&&%4-%+!./'/&!

F#$0/!_d! e/&-)-/6!;%&&%4-%+!;%+6-'-%+!%)!&/$#&4!-+!%$4/&,#'-%+!/G?/&-./+'!

F#$0/!_b! F%'#0!;70%&-6/!-%+!;%+;/+'&#'-%+!#'!6/?'74!#&%9+6!'7/!9??/&!#+6!6%I+!
$#&!-+!)-,/!'(?/4!%)!;%+;&/'/!

F#$0/!_c! L??#&/+'! ;70%&-6/! 6-))94-%+! ;%/))-;-/+'4! O3;Q! #+6! ;70%&-6/! 49&)#;/!
;%+;/+'&#'-%+4!OPCQ!-+!;/+'&#0!?#&'!#+6!4-6/!?#&'!
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5-29&/!_K_! :;7/.#'-;!-0094'&#'-%+!%)!#!4'//0!;%&&%4-%+!;/00!-+!;%+;&/'/!

5-29&/!_KB! L:g!6#.#2/!-+!;%+;&/'/!

5-29&/!_KD! Z9'0-+/!%)!'7/!6-44/&'#'-%+!

5-29&/!BK_! :'/#.!;9&-+2!4/'!#+6!'7/!'/.?/&#'9&/!-+!;%+;&/'/!

5-29&/!BKB! H&%;/44/4!%)!'7&//!;9&-+2!./'7%64!$/)%&/!4/#I#'/&!/G?%49&/!

5-29&/!BKD! :/#I#'/&!/G?%49&/!4-'/!-+!<#=%6#'/@!A#?#+!

5-29&/!BKf! :/#I#'/&!'/.?/&#'9&/!,#&-#'-%+!)&%.!^%,/.$/&!BC_c!'%!3/;/.$/&!
BC_j!

5-29&/!BK`! :#.?0-+2!?&%;/44/4!)%&!;70%&-6/!;%+'/+'!./#49&/./+'!-+!;%+;&/'/!

5-29&/!BKd! P%.?&/44-,/!4'&/+2'7!%)!Bf!4/&-/4!9+6/&!'7&//!;9&-+2!./'7%64!%,/&!
%+/!(/#&!

5-29&/!BKb! P%.?&/44-,/!4'&/+2'7!6/,/0%?./+'!%)!Bf:P1!4/&-/4!;%+;&/'/!9+6/&!
'7&//!;9&-+2!./'7%64!%,/&!%+/!(/#&!

5-29&/!BKc! P%.?&/44-,/! 4'&/+2'7! %)! `C! 4/&-/4! ;%+;&/'/! 9+6/&! 4'#+6#&6! ;9&-+2!
#+6!4'/#.W#-&!;9&-+2!%,/&!%+/!(/#&!

5-29&/!BKj! P%.?&/44-,/!4'&/+2'7!6/,/0%?./+'!%)!̀ C:P1!4/&-/4!;%+;&/'/!!9+6/&!
4'#+6#&6!;9&-+2!#+6!4'/#.W#-&!;9&-+2!%,/&!%+/!(/#&!

5-29&/!BK_C! P9.90#'-,/! -+'&94-%+! ;9&,/4! %)! )%9&! '(?/4! %)! Bf! 4/&-/4! 4?/;-./+4!
9+6/&!'7&//!;9&-+2!./'7%64!$/)%&/!4/#I#'/&!/G?%49&/!

5-29&/!BK__! H%&/! 4-N/!6-4'&-$9'-%+!;9&,/4!%)! )%9&! '(?/4!%)!Bf! 4/&-/4! 4?/;-./+4!
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Chloride resistance of steam-cured SCMs 
concrete in seawater
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Corrosion 
diagnosis

Chloride 
penetration

ASR 
expansion
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